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Description 

Connector and Coaxial Cable with Outer 
Conductor Cylindrical Section Axial 
Compression Connection 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to connectors for coaxial cable. More 
particularly the invention relates to cost effective connec- 
tors and a coaxial cable adapted for interconnection using 
axial compression along a cylindrical section formed at a 
peak of annular corrugation(s) in the outer conductor of 
the coaxial cable. 

[0003] 2. Description of Related Art 

[0004] Transmission line cables employing solid outer conduc- 
tors have improved performance compared to cables with 
other types of outer conductors such as metallic braid, 
foil, etc. Solid outer conductor coaxial cables are available 
in various forms such as smooth wall, annular corrugated, 



and helical corrugated. Smooth wall cable has the lowest 
materials cost but is relatively inflexible, limiting use of 
smooth wall cable where other than straight cable runs 
are required. Helical cable is flexible and relatively easy to 
securely terminate via connectors that thread into the he- 
lical cable corrugations. However, the helical cable profile 
also provides a path for water infiltration into the cable. 

[0005] Annular cable is flexible and has improved resistance to 
water infiltration. Annular coaxial cables are typically ter- 
minated using connectors that incorporate a mechanical 
clamp between the connector and the lip of the outer con- 
ductor. The mechanical clamp assemblies are relatively 
expensive, frequently requiring complex manufacturing 
operations, precision threaded surfaces and or multiple 
sealing gaskets. 

[0006] a relatively inexpensive alternative to mechanical clamp 

connectors is soldered connectors. Prior soldered connec- 
tors create an interconnection that is difficult to prepare 
with consistent quality and even when optimally prepared 
results in an interconnection with limited mechanical 
strength. Further, heat from the soldering process may 
damage cable dielectric and or sheathing material. 

[0007] Another inexpensive alternative is interconnection by 



compression. Crimping is a form of compression where 
the compressive force is applied in a radial direction. 
Crimping a solid or stranded wire places a non- 
compressible core at the center of the crimp. This allows 
the crimp die to compress the connector body around the 
solid core at high pressure. The connector body is perma- 
nently deformed to conform to the solid mass of the wire, 
resulting in a strong mechanical and electrical bond. The 
strength of the bond in tension approaches the ultimate 
tensile strength of the wire. The absence of voids or air 
pockets in the crimp area prevents the migration of corro- 
sive fluids within the interface. The high residual stress, in 
the material of the connector body, keeps the contact re- 
sistance low and stable. 
[0008] Crimping braided outer conductors is more problematic. 
To prevent deformation of the outer conductors in rela- 
tion to the center conductor, a support sleeve of one form 
or another may be used. Usually, the braid is captured in a 
layer between a tubular outer ferrule and the connector 
body. This crimp is not considered highly reliable. There 
are typically large voids in the interface allowing for cor- 
rosive degradation of the contact surfaces. The mechani- 
cal pull strength of the joint does not approach the 



strength of the wire. Finally, the connection allows relative 
movement between all 3 components, which results in a 
very poor, noisy electrical connection. 
[0009] D ue to the corrugation patterns used in solid outer con- 
ductor cables, tubular support sleeves would require a 
sleeve that significantly changes the internal dimensions 
of the cable, causing an RF impedance discontinuity. To 
prevent deformation of a solid outer conductor, without 
using an internal sleeve, an external mating sleeve 
adapted to key to the corrugation pattern has been used 
in a crimp configuration. However, the level of crimp force 
applicable before the outer conductor deforms is limited, 
thereby limiting the strength of the resulting interconnec- 
tion. 

[0010] Competition within the coaxial cable and connector in- 
dustry has focused attention upon reducing manufactur- 
ing, materials and installation costs. Also, strong, envi- 
ronmentally sealed interconnections are desirable for 
many applications. 

[0011] Therefore, it is an object of the invention to provide a 

method and apparatus that overcomes deficiencies in 

such prior art. 
Brief Description of Drawings 



[0012] The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate em- 
bodiments of the invention and, together with a general 
description of the invention given above, and the detailed 
description of the embodiments given below, serve to ex- 
plain the principles of the invention. 

[0013] Figure 1 is a simplified cross section side view of a first 
embodiment of the invention prior to axial compression. 

[0014] Figure 2 is a simplified cross section side view of the first 
embodiment of the invention after axial compression. 

[0015] Figure 3 is a cross section side view of an annular corru- 
gated coaxial cable according to a second embodiment of 
the invention. 

[0016] Figure 4 is a cross section side view of the annular corru- 
gated coaxial cable of figure 3, fitted with a connector, 
prior to axial compression. 

[0017] Figure 5 is a cross section side view of the annular corru- 
gated coaxial cable of figure 3, fitted with a connector, 
prior to axial compression, showing axial compression 
tooling. 

[0018] Figure 6 is a cross section side view of the annular corru- 
gated coaxial cable of figure 3, fitted with a connector, af- 
ter axial compression. 



Detailed Description 

[0019] The present invention applies axial, rather than radial, 

mechanical compression forces to connector components 
to create a radial compression interconnection between a 
connector and the outer conductor of a coaxial cable. 

[0020] a first embodiment of the invention is shown in figures 1 
and 2. A typical annular corrugated coaxial transmission 
line cable suitable for use with the invention is LDF4 man- 
ufactured by the assignee of the invention, Andrew Cor- 
poration of Orland Park, Illinois. The cable 1 has an outer 
conductor 3 with annular corrugations and an inner con- 
ductor 5 surrounded by dielectric material 7. Prepared for 
axial compression, any outer protective sheath of the 
coaxial cable 1 is stripped back and the cable end 9 in- 
serted through a sleeve 11. The sleeve 11 may be config- 
ured with a sleeve bore 12 having a wider sleeve cable end 
13 diameter that transitions to a sleeve connector end 15 
diameter which extends to the sleeve connector end 15. 
The sleeve cable end 13 diameter may be, for example, 
adapted to accept insertion of the cable 1 with the outer 
protective sheath in place. The sleeve connector end 15 
diameter is only slightly larger than the diameter of the 
outer conductor 3, allowing insertion of the outer conduc- 



tor 3. The outer conductor 3 is flared after insertion 
through the sleeve, creating a flared end 17 which pre- 
vents removal of the cable 1 through the sleeve bore 12. 
[0021] a connector body 19 is configured to have a complemen- 
tary outer conductor seat 21 with an outer diameter which 
creates an interference fit between the thickness of the 
outer conductor 3 and the sleeve connector end 15 diam- 
eter. Preferably, a connector body bore 23 of the connec- 
tor body 19 has a diameter proximate the minimum di- 
ameter of the outer conductor 3 corrugations. Where the 
connector body bore 23 is substantially equal to the outer 
conductor 3 corrugation bottom dimension, impedance 
discontinuities that my otherwise be generated by the 
presence of the connector body 19 may be reduced. Other 
dimensions and features of the connector body (not 
shown) may be adapted by one skilled in the art to a de- 
sired connector end configuration, for example BNC, 
Type-N, DIN or other standardized or proprietary connec- 
tor. 

[0022] jo complete a cable 1 and connector body 19 intercon- 
nection, the connector body 19 is axially compressed 
against the flared end 17 of the outer conductor 3 and the 
sleeve 11. As the outer conductor seat 21 presses against 



the flared end 17 and the flared end 17 against the sleeve 
connector end 15, the flared end 17 is drawn into a cylin- 
drical section 25 at the diameter of the outer conductor 
corrugation peaks that forms an interference fit between 
the connector body 19, outer conductor 3 and sleeve 11 
as shown in figure 2. The interference fit provides a se- 
cure, 360 degree void free contact between the outer con- 
ductor 3 and the connector body 19 with excellent electri- 
cal properties. 

[0023] For smaller dimensions of cable and corresponding con- 
nector bodies, a hand tool may be used to generate the 
required axial compression force. A hydraulic press or the 
like may be used for larger diameter cables having thicker 
outer conductors. 

[0024] | n a second embodiment of the invention, axial compres- 
sion is similarly applied but flaring and drawing of the 
outer conductor 3 into a cylindrical section 25 is avoided 
by forming the coaxial cable 3 with extended cylindrical 
section(s) 25 at each corrugation peak. 

[0025] As shown by the cable 1 used with the first embodiment 
(figures 1 and 2), the sinusoidal form of annular corruga- 
tions common in prior coaxial cables have a roughly equal 
dimension at the peak of the corrugations compared to 



the bottom corrugation dimension. As shown in figure 3, 
the cylindrical section(s) 25 of the novel cable 1 according 
to the invention have a length of at least four times that of 
the corresponding corrugation bottom, depending on the 
overall cable dimensions. Preferably, the cylindrical sec- 
tion is formed with a ten to one peak corrugation width to 
bottom corrugation width or at least a three millimeter 
corrugation peak cylindrical section 25. 
[0026] As the length of each cylindrical section 25 is extended, 
the cable 1 begins to approximate the flexibility charac- 
teristics of a straight walled cable. However, at the pre- 
ferred dimensions, the cable 1 according to the invention 
retains flexibility comparable to a conventional annular si- 
nusoidally corrugated cable with similar dielectric material 
7. The reduction in the number of total corrugations re- 
sulting from the extended peak cylindrical section reduces 
the overall materials requirement for the outer conductor 
of the cable, reducing the materials cost of the cable, 
overall. 

[0027] with the cable end 9 prepared by trimming just behind a 
corrugation to expose a cylindrical section 25 for inter- 
connection, a sleeve in the form of a crimp ring 27 is 
placed over the outer conductor 3 and an outer conductor 



seat 21 of a connector body 19 is fitted into the cable end 
9 against the inner surface of the outer conductor 3, as 
shown in figure 4. 
[0028] The connector body connector end 29 shown in figures 

4-6 is adapted to a Type N connector configuration. Other 
connector end configurations, described hereinabove may 
also be used as desired. The cable 1 is trimmed so that an 
end of the center conductor 5 of the cable 1 extends be- 
yond the outer conductor 3 and the dielectric material 5. 
The center conductor 5 may be electrically connected, to a 
center contact 31 of the connector, via spring fingers in- 
corporated into the center contact 31. The center contact 
31 may be supported, coaxial with the connector body 19 
by, for example, an insulator 32 formed by an insert- 
molded polymer that is injected via a ring groove 33 and 
one or more opening(s) 35 which connect the ring groove 
33 to the connector body bore 23. The molded polymer 
may be secured to the outer conductor and center contact 
by, for example, ridge(s) 37 on the inner surfaces of the 
connector body 19 and outer surfaces of the center con- 
tact 31. 

[0029] The crimp ring 27 is a cylindrical ring designed to slip 

over the outer conductor 3 of the cable 1 prior to insert- 



ing the connector body outer conductor seat 21 into the 
end of the cable 1. To minimize thermal expansion differ- 
entials that may degrade the interconnection over time, 
the crimp ring 27 is preferably formed from a material 
with good ductility and a similar thermal expansion coef- 
ficient to that of the material used for the outer conductor 
of the cable. Where the outer conductor 3 material is cop- 
per, the crimp ring material may be, for example, an- 
nealed copper. 

[0030] As shown in figure 5, the connector body 19 may be held 
in a nest 39. The crimp ring 27 is contacted by the angled 
surfaces of two or more segmented dies 41. To allow re- 
moval after the compression force application, the seg- 
mented die(s) 41 may be adapted to nest within another 
carrier die 45. When the nest 39 and segmented die(s) 41 
are placed over the connector and crimp ring, they are 
moved axially relative to each other whereby an angled 
die surface 43 deforms the crimp ring 27 inward in a ra- 
dial fashion. This causes the crimp ring 27 to experience 
stresses beyond an elastic limit. It becomes permanently 
deformed as shown in figure 6, securing the connector 
body 16 to the outer conductor 3. 

[0031] The axial movement of the dies during application of the 



compressive force allows a contiguous 360 degrees of ra- 
dial contact upon the crimp ring 27, simultaneously. 
Therefore, the deformation of the crimp ring 27 is uni- 
form. This creates avoid free interconnection with high 
strength; very low and stable contact resistance, low in- 
ter-modulation distortion and a high level of interconnec- 
tion reliability. 

[0032] For systems or parts of systems where high cable flexibil- 
ity is not a requirement, the connector according to the 
second embodiment may be used interchangeably with 
straight walled coaxial cable. 

[0033] The invention provides a cost effective connector and ca- 
ble 1 interconnection with a minimum number of separate 
components, materials cost and required manufacturing 
operations. Further, the connector and cable 1 intercon- 
nection according to the invention has improved electrical 
and mechanical properties. The invention has been 
adapted for use with both standard annular corrugation 
cables and a novel cable optimized for the connector. In- 
stallation of the connector onto the cable in either em- 
bodiment may be achieved with a minimum of time and 
required assembly operations. 
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[0034] where in the foregoing description reference has been 
made to ratios, integers or components having known 
equivalents then such equivalents are herein incorporated 
as if individually set forth. 

[0035] while the present invention has been illustrated by the 
description of the embodiments thereof, and while the 
embodiments have been described in considerable detail, 
it is not the intention of the applicant to restrict or in any 
way limit the scope of the appended claims to such detail. 
Additional advantages and modifications will readily ap- 
pear to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, 
representative apparatus, methods, and illustrative exam- 
ples shown and described. Accordingly, departures may 
be made from such details without departure from the 
spirit or scope of applicant's general inventive concept. 
Further, it is to be appreciated that improvements and/or 
modifications may be made thereto without departing 
from the scope or spirit of the present invention as de- 
fined by the following claims. 



